On the other hand, in machinery industries, when foreign plants increase their purchases, local suppliers make use of scale economies and increase productivity. In other words, the relationship between local and foreign plants is complemented.
Introduction
International trade or foreign direct investment (FDI) inflow affects a local firm's activities in many ways. Among these are linkage and spillover effects which have recently become important in the development of local firms as well as the country as a whole as globalization proceeds. Recent globalization has been led by various types of institutions which include free trade agreements (FTA) There are two types of linkage effects: forward and backward. Forward linkage effects between MNEs and local firms arise when an MNE sells its intermediate goods to local producers, while backward linkage effects arise when an MNE purchases input goods from local suppliers. It is generally expected in developing countries that backward linkage effects are more likely to occur than forward linkage effects. Javorcik (2004) analyses the effects of MNEs' backward and forward linkages on MNEs' and local firms' productivity in Lithuania using plant-level data and suggests that the spillovers of knowledge from MNEs occur through mainly backward linkage effects. Lin and Saggi (2006) On the other hand, there is a great variety of literature on the trade/FDI impact on firms' (local and MNEs') productivity, such as Pavcnik (2002) for Chile, Fernandes (2006) for Colombia, Amiti and Konings (2005) for Indonesia, Topalova (2004) for India and Muendler (2004) for Brazil, to name just a few. There are mainly three channels for this impact. First, an increase in foreign competition fosters process innovation. Second, import input materials often contain foreign advanced technology. Hence, trading these materials reinforces technology transfer.
1. Two important theoretical articles on backward linkage effects from MNEs to local firms are Rodriguez-Clare (1996) and Markusen and Venables (1999) which construct a model in the monopolistic competition framework. See Lin and Saggi (2005) for a recent survey of linkage effects.
2. Javorcik (2004) analyses the impact of MNE presence on total (MNEs and local) firms' productivity, while this paper focuses on the effects of MNE presence on the local firms.
Third, foreign pressure forces less efficient firms to exit from the market. Eventually, only efficient firms remain and an industry level productivity increases.
This paper contributes to the literature in an important respect. Focusing on the case of Thailand, I provide evidence that there are positive and negative linkage effects and spillover effects of MNEs depending on the type of industry. These findings confirm the results in the literature listed above, but at the same time suggest reservations about the existence of effects.
Before proceeding with analysis, let us look at an overview of the industry characteristics of ASEAN. The structure of industries has changed over time in ASEAN. Table 1 shows some industry information about these countries. Except for the Philippines, the growth rates of the original member countries (Indonesia, Malaysia, Singapore, Thailand) after the Asian crisis are much lower than those before. On the other hand, many new member countries such as Cambodia, Lao and
Vietnam have achieved high economic growth after the crisis. Table 1 also reveals another notable finding: that the manufacturing growth rate (fourth column) exceeds the GDP growth rate (third column) in all countries after the crisis except for the Philippines. As a result of this, the share of the manufacturing sector expands for all countries except for the Philippines (fourth column). Although the impact of the Asian crisis was serious, this indicates that the manufacturing sector has been a leading sector for economic growth in many ASEAN member countries.
<Table 1 near here>
Thailand is a typical example of a country that has achieved high economic growth led by liberalizing manufacturing sectors and also by FDI inflow in many sectors. However, there are few empirical studies on Thailand's trade liberalization and FDI structure. Urata and Yokota (1994) analyse the impact of trade liberalization on the industry productivity in Thai manufacturing sectors and find positive effects of liberalization on productivity. Recently, Milner et al. (2004) studied the vertical FDI structure of Japanese MNEs in the manufacturing sector in Thailand and find that the Japanese FDI in Thailand is generally of a vertically integrated nature.
In the following sections, I used the Thai plant-level data set to investigate these effects on local firms. 3 This paper is organized as follows. The next section provides industry characteristics and discusses the adjustment process of each industry group. Section 9.3 introduces the empirical model and discusses the results.
Section 9.4 discusses the results of the previous section more carefully and impact of FTA. Section 9.5 discusses the impact of FTAs on local plants and section 9.6 concludes the paper.
Industrial structure and local-multinational linkages in Thailand

Categorization of industry
To show the results in a simpler fashion and to make analyses sharper, 2-digit international standard industrial classification (ISIC) industries which have 22 sectors 4 were aggregated into four categories: resource-based, machinery, labour-intensive, and metal and chemical. The results of the categorization are reported in Table 2 .
<Table 2 near here>
To categorize industries, three different ratios were calculated:
3. I use plant-level, not firm-level, data from industrial surveys of Thailand. Although, to be precise, a foreign plant is not equal to an MNE, I use the terms 'foreign plant' and 'MNE' interchangeably hereafter. 
See Appendix
Direction of industrial adjustment
Using this categorization, the next task is to examine the direction of industrial adjustment, especially in output and productivity, by the four industry groups. To see the direction of the adjustments of industry's outputs and productivity, the weighted productivity was decomposed into two parts: unweighted productivity and covariance between unweighted productivity and weight, i.e. the plant's output share of the industry output as in Olley and Pakes (1996) and Pavcnik (2002) . This decomposition was computed by year and industry group. The decomposition formula is the following:
where j t w is the weighted average of productivity in industry j and year t.
Productivity j it
p is labour productivity which is defined as value-added per production worker. 
<Table 3 near here>
Instead of covariance as used in other literature, the Pearson correlation index was used as well as the Spearman rank correlation that can test statistical significance. However, the interpretation is exactly the same as the discussion above. Lin and Saggi (2006) and Kugler (2006) , it is plausible that backward linkage happens more often in developing countries than forward linkage. I therefore focus on the backward linkage effect in this paper.
There are two directions of these two effects on local firms. First, a local plant's output reduces due to being crowded out by foreign plants. Second, a local plant's output increases due to linkage effects by foreign plants. 5 Which effect is stronger crucially depends on the characteristics of the industry and this is an empirical issue.
However, casual observations indicate that the first case occurs when
MNEs sell the same products as local plants, and then MNEs take a large share of the market from local producers. It may often happen in the industry that MNEs compete with local producers for final goods, for example, food products, rubber goods, textiles, apparel, and metal product industries. Those can be basically categorized in resource-based, labour-intensive, or metal industries.
On the other hand, the second case often happens in the differentiated products or vertically linked industries, such as electric machinery, motor vehicles and computer industries that are categorized in the machinery industry in this paper.
In these sectors, MNEs purchase inputs from local suppliers to produce final goods.
The spillover effect is captured by estimating the effect of foreign presence on the local plant productivity. I specify a foreign presence variable, Using the plant-level pooled cross-section data set, I estimate the following equation:
where ijrt p is labour productivity of plant i in industry j in region r and in year t in logarithm. Labour productivity is defined as the ratio of the plant's value-added to the number of production workers in that plant. The operating years of plants and its square terms are included to account for heterogeneity in productivity as in Fernandes (2006) . Operating years and its square term are taken logarithm. Plant size is included in the estimation for controlling plant heterogeneity. The logarithm of the number of production workers in that plant is used for the proxy of plant size. Since labour productivity does not capture the contributions of capital, another important control variable for labour productivity is necessary. Capital-labour ratio is a proxy for the contribution of capital which is defined as the ratio of capital in terms of a million Thai baht to the number of production workers in the plant.
Plant-level information about its external activities such as export and import is also important in accounting for its productivity. If the local plant exports its product to the world market, it indicates a strong plant's competitiveness or that experiences but that experience diminishes as a plant becomes old, the sign on plant age would be positive while the sign on age-squared would be negative.
As I mentioned above, there are two main effects of MNEs on local plants:
spillover and demand linkage effect. I implicitly assume that this spillover effect occurs within the same sectors. In this sense, the presence of MNEs affects local plants horizontally, as is described in Javorcik (2004) . However, the spillover effect can affect local plants across sectors which I refer to as the linkage effect in the previous section. To examine the correlation between plant productivity and FDI across sectors, it is useful to consider the linkage effect of MNE.
( )
where jt Linkage is a proxy for a demand linkage effect defined as follows: 
Data
Plant-level data are compiled from the NSO, Thailand, which contains information on plant sales, employment, raw materials, equity, existence of export and import, and year of start-up operations, etc. The survey data of five years, 1996, 1998, 1999, 2000 and 2002 , are used for the analyses. The 1996 data come from the census data while the other years come from survey data. The coverage of the survey varies from year to year. The final sample for estimation has about 35,000 observations. The NSO conducted surveys on manufacturing establishments by using the combination of stratified sampling and systematic sampling. The NSO stratified establishments in each province according to industry codes and the number of workers. Then samples were selected from each province-industry-worker stratum using systematic sampling. Table 4 contains the summary statistics of variables used in estimation.
Some notable features should be addressed. First, the metal and chemical industry has the highest average labour productivity, followed by the machinery industry.
Second, averages of foreign presence and demand linkage are very high in the machinery industry. Third, the share of exports is relatively high in machinery and labour-intensive industries, while import share is the highest in machinery followed by the metal and chemical industry. In general, the machinery industry, on average, has a strong connection with the world market. The last notable feature of the variable is that the average output and average value-added are the highest in the machinery industry. It is almost five times larger than the per capita output in labour-intensive industry. Table 5 reports the estimation results of equation (2). Equation (2) is estimated using ordinary least squares (OLS). Table 5 is divided into four groups according to the categorization in Table 2 . All estimations include capital-labour ratio, plant size measured as the logarithm of number of production workers, plant age which equals the logarithm of operating years of the plant, the square term of plant age, and status of international trade, that is, export and import, as explanatory variables. Trade status variables are binary, i.e. if the plant exports (imports), the variable takes 1 and zero otherwise. Year effect is included in all specifications.
<Table 4 near here> 3.3 Estimation results
It may be assumed that aside from foreign presence, there is heterogeneity across industries which may affect plant's productivity. Hence, the heterogeneity across industry should be taken into account when the equation is estimated. For removing this effect and controlling for unobservable shocks across industry, the industry effect is included in all estimated equations.
Since foreign presence and industry effects are calculated at both 3-and 4-digit ISIC level, the possible correlation (multi-colinearity) between foreign presence and industry effect calculated at 3-and 4-digit ISIC level should be taken into careful consideration. Hence, I estimate four different specifications for each group: the first specification includes foreign presence at 3-digit ISIC level and industry effect at 3-digit ISIC level. The second estimation of each group has a combination of 3-digit foreign presence with 4-digit industry effect. The third specification has foreign presence calculated at 4-digit ISIC level as a dependent variable with 3-digit industry effect as an independent variable. The fourth specification includes 4-digit foreign presence and 4-digit industry effect.
<Table 5 near here>
There are some notable results in Table 5 Another interesting question to ask is how demand linkage effect works. Table 6 summarizes the results and shows that demand linkage effect is observed in the machinery industry but not in other industry groups.
<Table 6 near here>
Out of four specifications in the machinery industry, three specificationscolumns (5), (6) and (7) The results in the previous section also indicate that trade status, especially imports, has a strong positive impact on local plant productivity in all groups and for all specifications.
In this section I provide more detailed information on both linkage and spillover effects, and then I will discuss the impact of FTA. To examine the results of the previous section carefully, I calculated average values of variables used in the estimation. Each variable is averaged separately according to the type of ownership,
i.e. local and foreign. Table 7 shows the average values of variables. The ratio in the table indicates the ratio of the average value of foreign to local plants.
<Table 7 near here>
Combining Table 4 with Table 7 , we have the following findings. The most notable finding is that the difference in output and value-added per plant between local and foreign plants is much larger in the machinery industry than in other industries. Average output (value-added) by foreign plants is 20 (17.6) times larger than that of local firms in the machinery industry, while foreign plant output (value-added) ranges from 4.7 (4.2) to 6.9 (5.4) times larger than local plants in resource-based, labour-intensive, and metal and chemical industry groups.
The second notable finding is that an average foreign plant size measured by the number of production workers is 7.4 times larger than an average local plant in the machinery industry, a figure that is much greater than for other industry groups.
The third notable finding is that about 42 per cent of local plants and more than 90 per cent of foreign plants import intermediate goods from the world market which are much higher than the cases of resource-based, labour-intensive, and metal and chemical industries.
6
The last finding is that the average protection rate measured by the ratio of import tariffs and duties to the total imports at 4-digit ISIC is the lowest in the machinery industry which shows 14.9 per cent in all industry groups (this figure comes from Table 4 ). Coupled with the finding about import status, this suggests that the machinery industry enjoys the benefits of trade liberalization. However, this will be discussed in the next section.
To explain the difference between the results of machinery and other industry groups on spillover and demand linkage effects, especially a large output difference between local and foreign plants, these insights should be taken into consideration. The most reasonable explanation of this difference in results is that the vertical production network prevails in the machinery industry while the horizontal competition dominates in resource-based and other industries. In order that the vertical network functions well in the industry, demand linkage should be strong and in order to have strong demand linkage, foreign presence should be large in that industry. Since there is a large gap in output size between foreign and local plants in the machinery industry, it is interesting to ask how this gap affects the local plant's productivity in different industries. Casual observation suggests that a narrow gap between local and foreign outputs allow a small local plant to catch up with foreign plants while a large gap makes it difficult for a local plant to get benefits from spillovers. the relation between productivity and output difference shows an inverted-U shape. 
<Table 8 near here>
The results also show that the coefficient on square term of output difference in the machinery industry is smaller than those in other industries. This indicates that in the machinery industry the slope of the curve is flatter than those in other industries. In other words, there is a weaker connection in the machinery industry between productivity and output gap than in other industries. Despite this finding, why does the machinery industry have a positive and strong spillover as well as linkage effects? All these observations suggest the following possible explanation: in the machinery industry, the output gap helps technology transfer in that a vertical production network between small local and large foreign plants prevails and spurs the knowledge spillover from a large foreign to a small local plant through backward linkage effects.
FTA and its impact on local plants
As Tables 9.5 and 9.6 show, export and import activities have strong impacts on plant productivity. In particular, imports have a positive and highly significant coefficient in all industry groups. On the other hand, Thailand has engaged in FTAs with China, Australia, New Zealand and India, and is planning to conclude EPAs with Japan and the USA. To estimate the correlation between FTA and plant productivity, I regress the local plant's productivity in logarithm on the degree of protection that is measured as a share of import tax plus import duty in total imports in industry j.
Protection is calculated at the 4-digit ISIC level. 9 If industry j is more liberalized, that is, has a lower protection rate, plant productivity increases though the expansion of import and export. Thus, the expected sign of coefficient should be negative. Year effect and industry effect are included in the estimation. Table 9 summarizes the results. In the case of a total sample, the coefficient on protection is negative and statistically significant in column (1) but insignificant in column (2). Results with different industry effects do not show consistent evidence. For a total sample case, the correlation between trade liberalization and productivity is, therefore, ambiguous. 9. I also use 3-digit data to calculate the share of import tax and import duty, but there is multi-colinearity between 3-digit protection and industry effects. Thus the results at 3-digit protection are not reported here.
In machinery and labour-intensive industry groups, coefficients on protection show negative signs and are statistically highly significant for both industry effects cases. It would be safe to say that liberalization by the FTA/EPA has a positive impact on productivity in machinery and labour-intensive industries. This confirms other related literature, listed in the introduction.
<Table 9 near here>
On the other hand, in resource-based and metal and chemical industry groups, coefficients on protection are positive but some of them are statistically insignificant (columns (3) and (9)), indicating that trade liberalization does not have a definite effect on a plant's productivity in these industries. In sum, it reveals that the impact of trade liberalization differs from industry to industry.
Conclusion
This study has focused on the empirical analysis of the effects of MNEs on local plants by using plant-level data from Thailand. More specifically, this paper has A simple implication derived from these findings is that establishing competitive suppliers in the upstream in an industry such as the machinery industry is crucial to bear fruits of FTA/EPA. Sources: Input-Output Tables, 1995 , 1998 , 2000 Notes: * represents 0.1 per cent statistical significance in Pearson correlation and Spearman rank correlation tests. Industrial Surveys (1999 , 2000 , 2001 , 2003 , National Statistical Office, Thailand. Sources: Industrial Surveys (1999, 2000, 2001, 2003) , National Statistical Office, Thailand. Sources: Industrial Surveys (1999, 2000, 2001, 2003) , National Statistical Office, Thailand. 
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